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Summary

What is already known on this topic?

To our knowledge, this is among the first randomized controlled trials to
evaluate lifestyle programs recognized by the Centers for Disease Control
and Prevention’s Diabetes Prevention Recognition Program, implemented
in the workplace, and delivered by trained staff from the recognized organ-
izations.

What is added by this report?

In this trial, 158 City and County of San Francisco employees at high risk
for type 2 diabetes were randomly assigned to an in-person YMCA pro-
gram or an online virtual lifestyle management program to assess the ef-
fectiveness of both programs on weight loss among its participants.

What are the implications for public health practice?

Weight loss of participants of both programs was significant at 6-month
follow-up, but the amount lost did not differ significantly between the 2
programs. We found that the workplace may be an effective venue in
which to offer Diabetes Prevention Programs.

Abstract

Introduction
Data on the comparative effectiveness of Diabetes Prevention Pro-
grams (DPPs) in the workplace are limited.

 

Methods
Between September 2015 and July 2016, employees of the City
and County of San Francisco who were at risk for type 2 diabetes
(N = 158) were randomly assigned to one of 2 DPP-derived pro-
grams recognized by the Centers for Disease Control and Preven-
tion: an in-person YMCA-DPP (n = 78) or an online virtual life-
style management DPP (VLM-DPP) offered through Canary
Health (n = 80). The primary outcome was change in body weight
assessed at 6 and 12 months. Follow-up ended in August 2017.

Results
Both the YMCA-DPP and VLM-DPP yielded a significant reduc-
tion in percentage body weight at 6 months. For the YMCA-DPP,
mean percentage change at 6 months was −2.70% (95% confid-
ence interval [CI], −3.91% to −1.48%) and at 12 months was
−2.46% (95% CI, −4.24% to −0.68%). For the VLM-DPP, mean
percentage change at 6 months was −2.41% (95% CI, −4.07% to
−0.77%) and at 12 months was −1.59% (95% CI, −3.51% to
0.33%). The mean between-condition difference at 6 months was
−0.25% (95% CI, −2.04% to 1.55%) and at 12 months was
−0.84% (95% CI, −3.03% to 1.34%). No significant differences
were observed between conditions.

The YMCA-DPP had a slightly higher reduction in waist circum-
ference than VLM-DDP at 6 months (mean between-condition dif-
ference −2.00 cm [95% CI, −4.24 to 0.25 cm]). Participant en-
gagement, expressed as mean number of completed core program
sessions, was significantly higher for the YMCA-DPP than the
VLM-DPP. Participants of the YMCA-DPP completed an average
of 10.2 sessions (95% CI, 9.0 to 11.4), and participants of the
VLM-DPP completed an average of 5.9 sessions (95% CI, 4.7 to
7.1). The adjusted mean between-condition difference was 4.2 ses-
sions (95% CI, 2.54 to 5.99).
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Conclusion
Both the YMCA-DPP and VLM-DPP yielded weight loss at 6
months, which was maintained at 12 months in the YMCA-DPP.
The workplace may be an effective setting to offer DPPs.

Introduction
An estimated 84 million people in the United States have predia-
betes (1,2). The Diabetes Prevention Program (DPP) demon-
strated that a lifestyle intervention can reduce the incidence of type
2 diabetes by 58% in high-risk adults (3). DPP-derived lifestyle in-
terventions thus present an opportunity to improve health and re-
duce the annual cost of type 2 diabetes, which is estimated at $176
billion in direct medical expenses and $69 billion in indirect costs
related to absenteeism, lost productivity, and disability (4).

The Centers for Diseases Control and Prevention (CDC) de-
veloped the National DPP (5) with the goal of implementing a
standardized, evidence-based DPP lifestyle program. CDC estab-
lished the Diabetes Prevention Recognition Program (DPRP) (6)
to monitor and support the delivery of the National DPP. CDC of-
fers recognition to organizations delivering a DPP-derived inter-
vention if they use a CDC-approved curriculum and meet  intens-
ity and duration requirements (7).

Given the availability of DPP-derived lifestyle interventions and
the high costs of diabetes, employers are increasingly considering
offering type 2 diabetes prevention programs to their at-risk em-
ployees. Because of its convenience, the workplace holds promise
for reaching adults who have barriers (eg, time, transportation), in-
cluding individuals with fewer socioeconomic resources, that may
prevent them from engaging in DPPs (8–10). However, data on
the comparative effectiveness of DPRP-recognized lifestyle pro-
grams implemented in workplace settings are limited (9,10).

Researchers at the Kaiser Permanente Northern California Divi-
sion of Research collaborated with the City and County of San
Francisco (CCSF) Health Service System to conduct a random-
ized controlled trial comparing the effectiveness on weight loss of
2 DPRP-recognized lifestyle programs implemented in the work-
place setting: 1) YMCA-DPP (11), an in-person program de-
livered by YMCA-trained staff; and 2) Virtual Lifestyle Manage-
ment DPP (VLM-DPP) (12), offered through Canary Health,
which uses an online platform with supplemental secure email
messaging with VLM-trained staff.

Methods
This study was approved by the Kaiser Permanente Northern Cali-
fornia institutional review board. All participants provided written
informed consent.

Study design

The CCSF Diabetes Prevention Trial was a 2-arm, parallel, ran-
domized controlled trial to compare the effectiveness of the
YMCA-DPP and VLM-DPP in 7 worksites of the CCSF. Study
staff enrolled CCSF employees from each worksite location in
waves. At each worksite, enrollment lasted approximately 1
month. Participants were enrolled in September 2015 at the first
worksite and in July 2016 at the seventh worksite. Follow-up
ended in August 2017.

Participants were CCSF employees. Department contacts from the
7 participating locations promoted the study using flyers,
department-wide emails, announcements at meetings, and inform-
ation on the CCSF website. Interested CCSF employees attended
an onsite open information session where research staff explained
the 2 DPP interventions; described what participation in the re-
search study would entail; conducted eligibility screening; and as-
sessed height, weight, and waist circumference. Employees were
considered eligible based on results from a CDC prediabetes
screener (13), which defines high risk as a score of 9 or higher and
having a body mass index (BMI, determined by assessing weight
in kg divided by height in m2) of ≥25.0 kg/m2 or ≥23 kg/m2 if Asi-
an. Criteria for exclusion were having a major health condition (ie,
self-reported diabetes, heart disease, renal insufficiency, cancer, or
high blood pressure), not having regular access to a computer or
the internet, current enrollment in another weight loss program, or
plans to move or change departments in the next 12 months.

Eligible employees were asked to attend an orientation session 1
week later, during which research staff further explained the study.
Employees who were interested in participating provided written
informed consent and completed surveys.

The study project manager randomly assigned employees to either
the in-person YMCA-DPP delivered at the worksite or the online
VLM-DPP. An adaptive randomization procedure (14) was used
to ensure that the 2 groups remained balanced overall and in terms
of the following key characteristics: age (<50 y or ≥50 y), BMI
(<30 kg/m2 or ≥30 kg/m2), sex (male or female), race/ethnicity
(white, African American, Hispanic, Asian, or multiracial/other),
and job type (office or not office [ie, public works, transportation,
or other field-based job]).

DPP-derived lifestyle interventions

All participants were given the goal of losing 5%–7% of their
body weight through dietary change and participation in 150
minutes of moderate-intensity physical activity per week.

The YMCA-DPP, an in-person intervention of 16 weekly, 1-hour
group sessions (core curriculum) and 3 biweekly and 5 monthly
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group sessions (maintenance curriculum) (11), was held for groups
of 8 to 15 employees at each participating CCSF worksite at a
time convenient for employees (ie, during breaks or lunch). Group
sessions were facilitated by trained YMCA-DPP lifestyle coaches
and covered the key topics of healthy eating, increasing physical
activity, reducing stress, problem solving, and motivation to main-
tain behavior changes. Participants weighed in with the lifestyle
coach at the beginning of each hour-long session and were asked
to self-report their minutes of physical activity. They were also
asked to self-monitor their food intake and activity daily, begin-
ning from session 1 of the program.

Participants assigned to the VLM-DPP, an online program offered
through Canary Health (12), first received a single in-person group
orientation where they received instructions on how to use the on-
line platform. The VLM-DPP curriculum included 16 weekly edu-
cational sessions (core curriculum) and 8 monthly maintenance
sessions to be completed online at a convenient time and place for
the participant. Sessions lasted from 25 to 45 minutes and in-
cluded streaming audio and interactive visual material. Trained
VLM-DPP coaches engaged participants using secure messaging
to discuss progress, encourage regular participation, and respond
to participants’ comments and questions. The program included
behavior change techniques such as goal setting and self-
monitoring of diet, physical activity, and weight using the online
platform.

Assessments

Assessments were conducted by trained research staff blinded to
intervention assignment at baseline, 6 months, and 12 months.
Data on demographic characteristics and information on whether a
participant’s job was office-based or not office-based (such as
public works, transportation, or other field-based jobs) were col-
lected at baseline. Height was measured at baseline using a Seca
stadiometer (Seca GmbH). Weight and waist circumference were
measured at baseline and at 6 months and 12 months. Weight was
measured using a Tanita scale (Tanita Corporation). All body
measurements were taken according to standard protocols (15)
with participants in light clothing and without shoes, with meas-
urements taken in duplicate to the nearest 0.1 pound or 0.1 centi-
meter. The average of the 2 measurements was used if the differ-
ence between them was less than 1.0 pound or 1.0 centimeter; oth-
erwise, a third measurement was taken and used. Weight and
height measured at baseline were used to calculate BMI. Waist cir-
cumference was measured by positioning a tape measure 1 inch
above the umbilicus at the end of the participant’s normal expira-
tion. The mean value of waist circumference was calculated if the
2 initial measurements agreed within 1 centimeter. Otherwise, an
additional measurement was taken, and the third recording was
used.

Diet and physical activity were assessed at baseline and the 6-
month and 12-month follow up. The Block Fat Screener was used
to assess diet (16), and the International Physical Activity Ques-
tionnaire (17) was used to assess physical activity. The number of
intervention sessions completed between random assignment and
6 and 12 months was assessed by YMCA group facilitators and
the VLM online platform.

Outcomes

The primary outcome was body weight expressed as change in the
amount of body weight in kilograms and percentage change in
body weight. Secondary outcomes included changes in waist cir-
cumference; physical activity, expressed as duration and intensity
per week; dietary fat intake; and participant engagement, ex-
pressed as mean number of intervention sessions completed and
the proportion of participants who completed 4 or more sessions.

Power and statistical analyses

The study sample of 80 individuals per intervention condition
provided 80% power to detect as small as a 1.8% difference in
mean percentage weight loss between intervention conditions, as-
suming a standard deviation for percentage weight loss of 4%
(9,10). In addition, with 80 individuals in each condition, the min-
imum detectable difference in mean weight change was 2.2 kg, as-
suming a standard deviation for weight change of 5 kg (9,10).

Linear mixed effects regression techniques were used to model
change in weight, percentage change in body weight, waist cir-
cumference, physical activity, and dietary fat intake, as a function
of intervention condition and time, controlling for baseline vari-
ables used in the adaptive randomization procedure (age, BMI,
sex, race/ethnicity, and job type) (18). Additional models in-
cluded an intervention condition-by-time interaction term, which
enabled us to assess the variation in group differences in means
over time. Model parameters were estimated via maximum likeli-
hood methods. Modified Poisson regression (19) for estimation of
relative risk (RR; ratio of proportions) was used to compare condi-
tions on the proportion attending 4 or more core sessions, and lin-
ear regression analysis was used to compare conditions on the
mean number of completed core sessions. Two sets of analyses
were conducted for weight and waist circumference outcomes: 1)
an analysis including only individuals with clinic-measured
weights and waist circumferences, and 2) an analysis including all
randomized individuals by using measured or imputed weights
and waist circumferences and if measurements were missing, us-
ing multiple imputation techniques. The chained equation tech-
nique (20) was used to generate 20 imputed data sets, with dis-
criminant function and multiple linear regression analysis used as
imputation models for missing categorical and continuous covari-
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ates, respectively. Statistical analyses were performed on each of
the imputed data sets, with results combined using Rubin’s rules
(21) providing valid point and interval estimates appropriately ac-
counting for the uncertainty in imputing the missing data (21). The
analyses for diet and physical activity outcomes included only in-
dividuals who completed the related questionnaires. All analyses
were conducted using SAS version 9.3 (SAS Institute, Inc).

Results
A total of 351 CCSF employees attended the information session
at their worksite, and 158 (45%) were randomly assigned to either
the YMCA-DPP (n = 78) or the VLM-DPP (n = 80) (Figure). Em-
ployees who were randomly assigned were significantly more
likely to be female, have a postgraduate degree, and have an
office-based job compared with those who were not randomly as-
signed (P < .05). Baseline characteristics of randomly assigned
participants did not differ significantly by intervention condition
(Table 1). For follow-up assessments, 116 (73%) participants had
at least 1 clinic visit and measured weight during the 12-month
follow-up. Weight measured during follow-up was available for
65 (83%) of those assigned to the YMCA-DPP and 51 (64%) of
those assigned to VLM-DPP (Figure). Participants who com-
pleted 1 or more lifestyle program sessions were significantly
more likely to have a postgraduate degree and an office-based job
compared with those who did not engage (P < .05). Intervention
engagement differed by condition; 71 (91%) participants in the
YMCA-DPP and 59 (74%) participants in the VLM-DPP com-
pleted 1 or more sessions (P = .005).

 

Figure. Random assignment into 1 of 2 diabetes lifestyle management
programs in the workplace, the City and County of San Francisco Diabetes
Prevention Trial, 2015–2016. Abbreviations: DPP, diabetes prevention
program; VLM, virtual lifestyle management.

In the analysis using multiple imputed measurements, during the
follow-up period, participants in the YMCA-DPP lost more weight
on average than those in the VLM-DPP; however, this difference
was not significant, with an average adjusted mean between-
condition difference of −0.21 kg (95% confidence interval [CI],
−1.74 to 1.32 kg) (Table 2). Both the YMCA-DPP and VLM-DPP
yielded a significant reduction in weight at 6 months. Mean weight
change for the YMCA-DPP was −2.14 kg (95% CI, −3.21 to
−1.07 kg) and for the VLM-DPP was −1.97 kg (95% CI, −3.33 to
−0.60 kg); the mean between-condition difference was −0.14 kg
(95% CI, −1.67 to 1.39 kg). Weight loss remained significant at 12
months in the YMCA-DPP, but not in the VLM-DPP. The mean
weight change in the YMCA-DPP was −2.04 kg (95% CI, −3.63
to −0.45 kg) and in the VLM-DPP was −1.27 kg (95% CI, −2.93
to 0.39 kg); the mean between-condition difference was −0.74 kg
(95% CI, −2.63 to 1.15 kg). On average during the follow-up peri-
od, we found no difference between conditions in percentage
change in body weight (average adjusted mean condition differ-
ence, −0.34% [95% CI, −2.12% to 1.44%]). Mean changes in per-
centage body weight at 6 months were −2.70% (95% CI, −3.91%
to −1.48%) for the YMCA-DPP and −2.41% (95% CI, −4.07% to
−0.77%) for the VLM-DPP (mean condition difference, −0.25%
[95% CI, −2.04% to 1.55%]). Mean changes in percentage body
weight at 12 months were −2.46% (95% CI, −4.24% to −0.68%)
for the YMCA-DPP and −1.59% (95% CI, −3.51% to 0.33%) for
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the VLM-DPP (mean between-condition difference, −0.84% [95%
CI, −3.03% to 1.34%]). Compared with the VLM-DPP, the
YMCA-DPP on average had a greater reduction in waist circum-
ference at 6 months, although it was not significant (average ad-
justed mean between-condition difference, −2.00 cm [95% CI,
−4.24 cm to 0.25 cm]) (Table 2). The analysis that included only
individuals with measured weights or waist circumferences yiel-
ded similar results (Table 2).

Mean total calories, dietary fat intakes, and saturated fat intakes
decreased significantly in both intervention conditions at 6 and 12
months; however, no significant condition differences were ob-
served (Table 3). Neither the YMCA-DPP nor the VLM-DPP yiel-
ded significant changes in moderate or vigorous physical activity
or total physical activity, and no significant condition differences
were observed (Table 3).

The mean number of completed core sessions was significantly
higher for the YMCA-DPP (mean = 10.2 sessions; 95% CI,
9.0–11.4 sessions) than for the VLM-DPP (mean = 5.9 sessions;
95% CI, 4.7–7.1 sessions); the adjusted mean between-condition
difference was 4.2 sessions (95% CI, 2.54–5.99 sessions). Parti-
cipants in the YMCA-DPP were significantly more likely than
those in the VLM-DPP to complete 4 or more of 16 core sessions
(88.5% vs 46.2%; adjusted RR = 1.90 [95% CI, 1.49–2.43]).

Discussion
To our knowledge, this is among the first studies to evaluate the
comparative effectiveness of 2 DPP-derived lifestyle programs re-
cognized by the CDC DPRP and delivered by trained staff from
the approved organizations. In this 2-arm, parallel, randomized
controlled trial of 158 employees who were at high risk for type 2
diabetes, we found no significant differences in weight loss across
12 months of follow-up between those randomly assigned to re-
ceive an in-person lifestyle program delivered at the workplace or
an online lifestyle program delivered at participants’ convenience.
Although we found no significant between-condition differences,
both the YMCA-DPP and the VLM-DPP yielded significant re-
ductions in body weight and percentage change in body weight at
6 months. Body weight reductions remained significant at 12
months among participants in the YMCA-DPP but not the VLM-
DPP. The YMCA-DPP also resulted in reduced waist circumfer-
ence at 6 months, although the finding was not significant.

Several DPP-derived lifestyle programs implemented at the work-
place have been evaluated using a randomized controlled design;
however, most of these interventions were delivered by research
staff. In the CCSF trial, we observed a lower percentage of weight
loss (from 2.4% to 2.7% at 6 months and 1.6% to 2.5% at 12
months) than that observed in previous randomized controlled tri-

als of lifestyle interventions in workplaces. In a trial conducted at
a university worksite in Ohio, participants assigned to a DPP-
derived lifestyle intervention had a mean percentage weight
change from baseline to 7 months of 5.5% (22). In a trial at the
Pittsburg worksite of the Bayer Corporation, 45% of participants
assigned to a DPP-derived intervention lost at least 5% of their
body weight (23). Still, the mean weight loss observed in this trial
(ranging from 1.97 to 2.14 kg at 6 months and 1.27 to 2.04 kg at
12 months across intervention conditions) is within the ranges of
weight loss observed in other DPP-derived lifestyle interventions
implemented at worksites, which have shown short-term weight
loss of 0.7 to 5.1 kg at 3 to 6 months and long-term weight loss of
1.43 to 4.9 kg at 7 to 12 months (9). These trials used a blood test
to identify individuals with prediabetes, whereas we used a dia-
betes risk score. It is possible that the greater weight loss ob-
served in the workplace DPP programs that used blood tests to
identify employees at risk for type 2 diabetes was related to high-
er levels of motivation in participants who received a diagnosis of
prediabetes based on laboratory results. Although the magnitude
of weight loss observed in this trial was modest, the DPP trial
demonstrated that every 1 kg of weight loss resulted in a 16% re-
duction in type 2 diabetes risk over 3 years (24,25).

A strength of this study was our ability to randomly assign em-
ployees and thereby reduce selection bias. Using the CDC predia-
betes screener was also a strength because it allowed nonclinical
staff to easily identify employees at risk for type 2 diabetes and in-
vite them to participate. An additional strength was the inclusion
of a racially and ethnically diverse population of men and women,
particularly given that most trials of technology-based DPP inter-
ventions conducted to date have been among primarily white pop-
ulations (26). Study limitations include the loss to follow-up;
however, we used multiple imputation analyses to compensate for
missing data for weight loss and waist circumference. We also ob-
served differences in sex, education, and job type among the em-
ployees who were willing versus not willing to be randomly as-
signed into the study; these differences highlight the need for fur-
ther research on ways to recruit adults from diverse demographic
and socioeconomic backgrounds in preventive lifestyle programs.

In this real-world setting, it was challenging to ensure participant
engagement in each intervention program, especially for the on-
line program. Engagement and retention in the program were
greater in the YMCA-DPP, where participants were more likely to
start the program and completed more sessions than participants in
the VLM-DPP. Given the importance of strong engagement to
successful program outcomes (27), these results suggest that offer-
ing a program at the worksite during a convenient time for em-
ployees, such as during their lunch hour or breaks, may help in-
crease engagement and possibly effectiveness.
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Since the conclusion of this trial, the CCSF has begun offering an
in-person DPP-derived lifestyle program to all employees at risk
for type 2 diabetes. Given the lessons learned from this trial, city
officials are prioritizing recruitment and engagement activities as
well as the inclusion of settings that employ workers with nonof-
fice jobs. As evidenced by this study and previous studies (9,10),
worksites offer an opportune setting to reach adults at risk for type
2 diabetes and to offer prevention programs, potentially benefit-
ing employees as well as employers, and potentially reducing fu-
ture health care costs. CDC has developed a list of elements that
should be part of workplace health programs (28), which offers
guidelines for developing and evaluating such programs to in-
crease their effectiveness and sustainability.

In conclusion, both CDC-recognized, worksite-setting lifestyle
programs (6) assessed in this intervention yielded weight loss at 6
months. The workplace presents a unique opportunity to offer
DPP-derived lifestyle programs.

Acknowledgments
The study was funded by the Kaiser Foundation Health Plan. Dr
Ferrara also received support from grant no. P30 DK092924 from
the National Institute of Diabetes and Digestive and Kidney Dis-
eases. Dr Brown also received support from grant no. K01
DK099404 from the National Institute of Diabetes and Digestive
and Kidney Diseases.

The authors thank the members of the Health Service System at
the CCSF for their partnership in the design and conduct of the
study, including Katherine Dodd, Abbie Yant, and Carrie Bes-
hears. The authors also acknowledge Rick Dlott, MD, from The
Permanente Medical Group (TPMG) for revising and giving input
to the manuscript, and Sonia Soo Hoo, MD, from TPMG and
Cindy Green from Kaiser Permanente for facilitating the imple-
mentation of the study. Lastly, the authors acknowledge the contri-
butions of the CDC-recognized organizations that conducted the
lifestyle interventions evaluated in this study. The authors also
thank Christina Grijalva, MA, for conducting the study assess-
ments and Jenna Ritchie for proofing and editing the manuscript.
The authors also thank CCSF employees who participated in the
study.

Author Information
Corresponding Author: Assiamira Ferrara, MD, PhD, Division of
Research,  Kaiser  Permanente  Northern  California,  2000
Broadway, Oakland, CA 94612. Telephone: 510-891-3588. Email:
assiamira.ferrara@kp.org.

Author Affiliations: 1Division of Research, Kaiser Permanente
Northern California, Oakland, California. 2Kaiser Foundation
Health Plan, Oakland, California. 3San Francisco Health Service
System, San Francisco, California.

References
Centers for Disease Control and Prevention. National diabetes
statistics report, 2017. Atlanta (GA): Centers for Disease
Control and Prevention, US Department of Health and Human
Services; 2017.

  1.

Narayan KM, Boyle  JP,  Thompson TJ,  Sorensen  SW,
Williamson DF. Lifetime risk for diabetes mellitus in the
United States. JAMA 2003;290(14):1884–90.

  2.

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF,
Lachin JM, Walker EA, et al.; Diabetes Prevention Program
Research Group. Reduction in the incidence of type 2 diabetes
with lifestyle intervention or metformin. N Engl J Med 2002;
346(6):393–403.

  3.

Centers for Disease Control and Prevention. 2014Diabetes
report  card.  http://www.cdc.gov/diabetes/pdfs/library/
diabetesreportcard2014.pdf. Accessed March 10, 2020.

  4.

Diabetes Prevention Act of 2009 HR §3124 111th Congress;
November 19, 2009.

  5.

Centers for Disease Control and Prevention. National Diabetes
Prevention Program, registry of all recognized organizations.
https://nccd.cdc.gov/DDT_DPRP/Registry.aspx. Accessed
March 10, 2020.

  6.

Ely EK, Gruss SM, Luman ET, Gregg EW, Ali MK, Nhim K,
et al. A national effort to prevent type 2 diabetes: participant-
level evaluation of CDC’s National Diabetes Prevention
Program. Diabetes Care 2017;40(10):1331–41.

  7.

Geiss LS, James C, Gregg EW, Albright A, Williamson DF,
Cowie CC. Diabetes risk reduction behaviors among U.S.
adults with prediabetes. Am J Prev Med 2010;38(4):403–9.

  8.

Hafez D, Fedewa A, Moran M, O’Brien M, Ackermann R,
Kullgren JT. Workplace interventions to prevent type 2
diabetes mellitus: a narrative review. Curr Diab Rep 2017;
17(2):9.

  9.

Brown SA, García AA, Zuñiga JA, Lewis KA. Effectiveness of
workplace diabetes prevention programs: a systematic review
of the evidence. Patient Educ Couns 2018;101(6):1036–50.

10.

Ackermann  RT,  Marrero  DG.  Adapting  the  Diabetes
Prevention Program lifestyle intervention for delivery in the
community:  the  YMCA model.  Diabetes  Educ  2007;
33(1):74–8.

11.

Sepah SC, Jiang L, Peters AL. Translating the Diabetes
Prevention Program into an online social network: validation
against CDC standards. Diabetes Educ 2014;40(4):435–43.

12.

PREVENTING CHRONIC DISEASE VOLUME 17, E38

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2020/19_0396.htm



Centers for Disease Control and Prevention. CDC prediabetes
screening test; 2015. https://www.cdc.gov/diabetes/prevention/
pdf/prediabetes-screening-test-tag508.pdf. Accessed March 10,
2020.

13.

Saghaei M, Saghaei S. Implementation of an open-source
customizable minimization program for allocation of patients
to parallel groups in clinical trials. JBISE 2011;4:734–9.

14.

Lohmann TG, Roche AF, Martorell  R. Anthropometric
standardization reference manual. Champaign (IL): Human
Kinetics Books; 1988.

15.

Lalonde L, Graham M, Slovenic-D’Angelo M, Beaton L,
Brown J, Block T. Validation of the block fat/sugar/fruit/
vegetable screener in a cardiac rehabilitation setting. Paper
presen ted  a t  the  Canad ian  Assoc ia t ion  o f  Card iac
Rehabilitation (CACR) Annual Meeting and Scientific
Abstracts; October 25, 2008; Toronto, Ontario, Canada.

16.

Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML,
Ainsworth  BE,  et  al .  International  Physical  Activity
Questionnaire: 12-country reliability and validity. Med Sci
Sports Exerc 2003;35(8):1381–95.

17.

Raab GM, Day S, Sales J. How to select covariates to include
in the analysis of a clinical trial. Control Clin Trials 2000;
21(4):330–42.

18.

Zou G. A modified Poisson regression approach to prospective
studies with binary data. Am J Epidemiol 2004;159(7):702–6.

19.

Van Buuren S, Oudshoorn K. Flexible multivariate imputation
by MICE; 1999. https://stefvanbuuren.name/publications/
Flexible%20multivariate%20-%20TNO99054%201999.pdf.
Accessed March 31, 2020.

20.

Rubin DB. Inference and missing data. Biometrika 1976;
63(3):581–92.

21.

Weinhold KR, Miller CK, Marrero DG, Nagaraja HN, Focht
BC, Gascon GM. A randomized controlled trial translating the
Diabetes Prevention Program to a university worksite, Ohio,
2012–2014. Prev Chronic Dis 2015;12:150301.

22.

Kramer MK, Molenaar DM, Arena VC, Venditti EM, Meehan
RJ, Miller RG, et al. Improving employee health: evaluation of
a worksite lifestyle change program to decrease risk factors for
diabetes and cardiovascular disease. J Occup Environ Med
2015;57(3):284–91.

23.

Hamman RF, Wing RR, Edelstein SL, Lachin JM, Bray GA,
Delahanty L, et  al.  Effect of weight loss with lifestyle
intervention  on risk  of  diabetes.  Diabetes  Care  2006;
29(9):2102–7.

24.

Aldana S,  Barlow M, Smith R,  Yanowitz F,  Adams T,
Loveday L, et al. A worksite diabetes prevention program:
two-year impact  on employee health.  AAOHN J 2006;
54(9):389–95.

25.

Joiner KL, Nam S, Whittemore R. Lifestyle interventions
based on the diabetes prevention program delivered via
eHealth: a systematic review and meta-analysis. Prev Med
2017;100:194–207.

26.

Ali MK, Echouffo-Tcheugui J, Williamson DF. How effective
were lifestyle interventions in real-world settings that were
modeled on the Diabetes Prevention Program? Health Aff
(Millwood) 2012;31(1):67–75.

27.

Centers for Disease Control and Prevention. Essential elements
of effective workplace programs and policies for improving
worker health and wellbeing. WorkLife: A National Institute
for Occupational Safety and Health Initiative. Centers for
Disease Control and Prevention, US Department of Health and
Human Services; 2008.

28.

PREVENTING CHRONIC DISEASE VOLUME 17, E38

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY             MAY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2020/19_0396.htm • Centers for Disease Control and Prevention       7



Tables

Table 1. Baseline Characteristics of Employee Participants, by Intervention Condition, the City and County of San Francisco Diabetes Prevention Trial, 2015–2016a

Characteristic YMCA DPP (N = 78) Virtual Lifestyle Management DPP (N = 80)

Female sex 56 (71.8) 59 (73.8)

Age, y

30–39 8 (10.26) 8 (10.26)

40–49 17 (21.79) 20 (25.64)

50–59 32 (41.03) 37 (47.44)

≥60 21 (26.92) 13 (16.67)

Race/ethnicity

African American 12 (15.4) 13 (16.3)

Asian 24 (30.8) 24 (30.0)

Hispanic/Latino 11 (14.1) 11 (13.8)

Other/mixed 11 (14.1) 11 (13.8)

White 20 (25.6) 19 (23.8)

Missing 0 2 (2.5)

BMI, kg/m2

≤24.9 7 (9.0) 5 (6.3)

25.0–29.9 27 (34.6) 28 (35.0)

30.0–34.9 20 (25.6) 28 (35.0)

≥35.0 24 (30.8) 19 (23.8)

Job type

Office 67 (85.9) 68 (85.0)

Nonoffice 11 (14.1) 12 (15.0)

Education

High school graduate or less 4 (5.1) 4 (5.0)

Technical/trade school, some college 23 (29.5) 17 (21.3)

4-Year college graduate 29 (37.2) 28 (35.0)

Postgraduate degree 21 (26.9) 28 (35.0)

Missing 1 (1.3) 3 (3.8)

Marital status

Married 43 (55.1) 47 (58.8)

Not married, living with partner 4 (5.1) 3 (3.8)

Divorced/separated 16 (20.5) 10 (12.5)

Single (never married) 12 (15.4) 14 (17.5)

Widowed 3 (3.8) 4 (5.0)

Missing 0 2 (2.5)

Abbreviations: BMI, body mass index; DPP, Diabetes Prevention Program; SD, standard deviation.
a Values are no. (%) unless otherwise indicated. All P values for condition differences ≥.05.

(continued on next page)
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(continued)

Table 1. Baseline Characteristics of Employee Participants, by Intervention Condition, the City and County of San Francisco Diabetes Prevention Trial, 2015–2016a

Characteristic YMCA DPP (N = 78) Virtual Lifestyle Management DPP (N = 80)

Mean (SD) age, y 52.7 (8.7) 51.8 (7.8)

Mean (SD) BMI, kg/m2 32.1 (5.9) 31.8 (5.5)

Mean (SD) weight, kg 88.5 (22.5) 87.7 (20.3)

Mean (SD) waist circumference, cm 105.3 (15.2) 104.6 (14.0)

Abbreviations: BMI, body mass index; DPP, Diabetes Prevention Program; SD, standard deviation.
a Values are no. (%) unless otherwise indicated. All P values for condition differences ≥.05.
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Table 2. Mean Changes in Body Weight and Waist Circumference From Baseline to 6-Month and 12-Month Follow-Up, With Mean Differences Between Intervention
Conditions, City and County of San Francisco Diabetes Prevention Trial, 2015–2016

Characteristic

Measured Body Weights or Waist Circumferences Measured or Imputed Body Weights or Waist Circumferences

YMCA-DPP VLM DPP Adjusteda Mean
Condition
Difference
(95% CI) P

YMCA-DPP VLM DPP Adjusteda Mean
Condition
Difference
(95% CI) PN

Mean
(95% CI) N

Mean
(95% CI) N

Mean
(95% CI) N

Mean
(95% CI)

Body weight, kg

Average effect of
intervention

78  — 80  — −0.58 (−1.93 to
0.76)

.39 78  — 80  — −0.21 (−1.74 to
1.32)

.79

6 months 63 −2.20 (−3.07
to −1.33)

48 −1.83 (−2.92
to −0.75)

−0.52 (−1.87 to
0.82)

.44 78 −2.14 (−3.21
to −1.07)

80 −1.97 (−3.33
to −0.60)

−0.14 (−1.67 to
1.39)

.86

12 months 54 −2.29 (−3.66
to −0.92)

43 −1.44 (−2.49
to −0.39)

−1.00 (−2.61 to
0.61)

.22 78 −2.04 (−3.63
to −0.45)

80 −1.27 (−2.93
to 0.39)

−0.74 (−2.63 to
1.15)

.44

Percentage body weight

Average effect of
intervention

78  — 80  — −0.80 (−2.33 to
0.73)

.30 78  — 80  — −0.34 (−2.12 to
1.44)

.71

6 months 63 −2.81 (−3.81
to −1.81)

48 −2.32 (−3.48
to −0.98)

−0.73 (−2.26 to
0.81)

.35 78 −2.7 (−3.91
to −1.48)

80 −2.41 (−4.07
to −0.77)

−0.25 (−2.04 to
1.55)

.79

12 months 54 −2.77 (−4.24
to −1.29)

43 −1.89 (−3.11
to −0.67)

−1.08 (−2.85 to
0.69)

.23 78 −2.46 (−4.24
to −0.68)

80 −1.59 (−3.51
to 0.33)

−0.84 (−3.03 to
1.34)

.45

Waist circumference, cm

Average effect of
intervention

78  — 80  — −1.81 (−3.60 to
−0.03)

.05 78  — 80  — −1.38 (−3.34 to
0.58)

.17

6 months 63 −3.25 (−4.51
to −1.99)

48 −1.34 (−3.02
to 0.33)

−2.20 (−4.14 to
−0.26)

.03 78 −3.06 (−4.57
to −1.56)

80 −1.00 (−3.17
to 1.18)

−2.00 (−4.24 to
0.25)

.08

12 months 54 −2.52 (−4.15
to −0.89)

43 −2.06 (−3.70
to −0.41)

−1.08 (−3.40 to
1.23)

.36 78 −2.39 (−4.49
to −0.29)

80 −1.94 (−4.18
to 0.30)

−0.38 (−2.95 to
2.19)

.77

Abbreviations: BMI, body mass index; CI, confidence interval; DPP, Diabetes Prevention Program; VLM, virtual lifestyle management.
a Adjusted for baseline values and randomization variables: age (<50 y vs ≥50 y), BMI (<30 vs ≥30 kg/m2), sex (male vs female), race/ethnicity (white, African
American, Hispanic, Asian and multiracial/other), and job type (office vs not office).
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Table 3. Mean Changes in Diet and Physical Activity From Baseline to 6-Month and 12-Month Follow-Up With Mean Differences Between Intervention Conditions,
Among Participants Who Completed Questionnaires, The City and County of San Francisco Diabetes Prevention Program Trial, 2015–2016

Variable

YMCA-DPP VLM-DPP
Adjusteda Mean Condition

Difference (95% CI) P ValueN Mean (95% CI) N Mean (95% CI)

Food energy, kcals

Average effect of intervention 6.90 (−134.7 to 148.47) .92

6 months 63 −157.25 (−274.19 to −40.32) 50 −212.24 (−364.75 to −59.73) 9.64 (−137.2 to 156.49) .90

12 months 58 −164.61 (−321.27 to −7.95) 47 −213.90 (−347.47 to −8.33) 1.37 (−167.8 to 170.51) .99

Fat, g

Average effect of intervention −0.26 (−6.81 to 6.28) .94

6 months 63 −8.06 (−13.46 to −2.65) 50 −10.03 (−16.82 to −3.25) −0.60 (−7.31 to 6.11) .86

12 months 58 −8.21 (−15.40 to −1.02) 47 −10.57 (−16.60 to −4.55) 0.62 (−7.23 to 8.47) .88

Saturated fat, g

Average effect of intervention 0.04 (−2.25 to 2.33) .97

6 months 63 −2.86 (−4.77 to −0.97) 50 −3.76 (−6.12 to −1.41) −0.12 (−2.51 to 2.27) .92

12 months 58 −3.21 (−5.71 to −0.71) 47 −4.12 (−6.18 to −2.05) 0.35 (−2.33 to 3.03) .80

Moderate activity, min/wk

Average effect of intervention 6.93 (−229.2 to 243.1) .95

6 months 30 33.9 (−145.7 to 213.6) 26 −21.44 (−232.4 to 189.5) −34.13 (−286.8 to 218. 6) .79

12 months 34 145.2 (−85.1 to 375.5) 18 −28.6 (−211.4 to 154.2) 100.8 (−221.4 to 423.0) .53

Vigorous activity, min/wk

Average effect of intervention −48.1 (−211.9 to 115.7) .56

6 months 28 12.77 (−84.57 to 110.11) 12 −35.4 (−29.1 to 219.2) −13.0 (−187.0 to 161.0) .88

12 months 26 −14.62 (−121.87 to 92.64) 13 3.00 (−256.4 to 316.4) −103.6 (−292.5 to 85.3) .28

Total volume of physical activity, MET min/wk .63

Average effect of intervention 276.3 (−858.8 to 1,411.4) .63

6 months 62 287.6 (−499.7 to 1,074.9) 38 434.3 (−1,856.4 to 2,725.0) −475.2 (−2,435.0 to 1,484.2) .63

12 months 55 381.6 (−393.7 to 1,156.9) 35 −159.8 (−1,274.1 to 954.5) 488.8 (−724.2 to 1,701.8) .43

Abbreviations: BMI, body mass index; CI, confidence interval; DPP, diabetes prevention program; MET, metabolic equivalents; VLM, virtual lifestyle management.
a Adjusted for baseline values and randomization variables: age (<50 versus ≥50 years), BMI (<30 versus ≥30 kg/m2), sex (male versus female), race/ethnicity
(white, African American, Hispanic, Asian and multiracial/other), and job type (office versus not office).
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